














































































































































































































































































































































































































































































































































with	a	mix	of	agencies	and	specialties.	Results	were	audio-recorded and transcribed verbatim to assist 




































































































































































































































































































































































































































































































































Identify and protect refugia  13.0  7 6  Large 











Assist/allow transformation  12.0  6 6  Large 
Water management   12.0  6 6  Small 
Proactive treatment for forest resilience  11.5  6 6  Large 
Riparian management for water and fish   11.0  6 5  Small 




































































































































































































































































































































































































































































































is	an	ecosystem	service);	6)	gaining	support	for	assisted	migration;	and	7)	only	a	small percent of 



































































Refining the Framework: 
1. Develop a streamlined template of the framework that can be applied to other conservation 















1. Share project results with upper-level managers of key federal and state agencies, e.g., USFS, 
BLM, NRCS, and NPS.  
2. Present and discuss results with a broader audience representing non-governmental stakeholders 
from the recreation, range, ranching, and fire sectors, non-profit organizations, and 
representatives from other towns, as well as governmental officials. 
3. Develop an outreach plan for the project and key strategies. 
4. Develop a high-level executive summary of the project to share with stakeholders and partners; 





























































































Connecting social and ecological components of the targeted landscape was a challenge.  There are 
opportunities to improve the integration of social-ecological components.  It matters who participates in 
the workshops. We recommend that social scientists and users across sectors (e.g., recreation, grazing 
permittees) participate in all meetings. It is important to clearly define and name the targeted landscape 
that includes both the ecological and social systems. For example, we called the target the sagebrush 
landscape, but we suggest that we use a term such as sagebrush and working rangelands landscape.  
Finally, A social and economic vulnerability analysis would be a nice addition to the vulnerability 
analysis. This would help tie the livelihoods, users and their economic value. For example, in ranching is 









































































Lukas	 J.,	 J.	Barsugli,	N.	Doesken,	 I.	Rangwala	 and	K.	Wolter.	 2014.	Climate	Change	 in	Colorado:	A	





































































































































































































































































































Rob Addington  TNC  X  
Gay Austin  BLM  X  
Mike Babler  Consultant  X X X  X
Mike Battaglia  USFS RMRS  X  X
Kristen Barker  CPW  X  
Marcie Bidwell  MSI  X X   X
Andrew Breibart   BLM  X X 
Matt Bienkowski  USFS  X  X
Brian Brown  BLM  X  
Ian Billick  RMBL  X  
Chris Bove  NRCS  X  
Brian Brown  BLM  X   X
Nina Burkardt  USGS  X  
Esme Cadiente  MSI  X  
Matt Castle  USFS  X  
Katie Clifford  CU  X  






Jonathan Coop  WSCU  X X 
Trevor Even   NCCSC    X
Karin Decker  CNHP  X  
Gretchen 
Fitzgerald 
USFS    X  X 
Robert Frank  WSCU    X
John Gioia   WSCU  X   X





Carol Howe  USFS  X X X  X
Merrill Kaufmann   Consultant  X X X 
Corrie Knapp   WSCU    X
Paula Lehr  Private X  
Paige Lewis  TNC  X  
Frank Kugel  UGRWCD    X





















Susan Marketi  USFS FHP  X  





Sarah Miller  USFS  X  
Jeff Morisette  NCCSC  X  
John Murphy  USFS  X   X
Julia Nave  WSCU    X
Betsy Neely  TNC  X X X X  X
Johanna Nosal  USFS  X X   X
Sam Pankrantz   CSFS  X   X
Chris Parmeter  CPW    X
Suzie Parker  USFS  X  
Hedda Peterson  CRLT    X
Imtiaz Rangwala  WWA, NOAA  X X X 
Jim Ramirez   USFS  X   X
Bruce 
Rittenhouse 
BLM      X 
Renée Rondeau   CNHP  X X X X  X
Trey Schille   USFS  X   X
Terri Schulz  TNC  X X X 
Rudy Schuster  USGS  X  
Amy Seglund   CPW  X X X 
Nathan Seward  CPW  X  
George Sibley  UGRWCD  X  
Jason Sibold  CSU  X 
Clay Speas  USFS  X X  X
Brian St. George  BLM  X  
Sam Stahley   USFS  X  
Ken Stahlnecker  NPS  X  
Rebecca Stern  WSCU    X
Brian Stevens   BLM  X  X
Teresa Stoepler  USGS  X  
Bill Travis  CU  X  
Michael Waldon  USFS  X  
Chris Wehrli   USFS    X
Matt Vasquez  USFS  X X X  X
J Wenum   CPW    X
Jim Worrall  USFS FHP  X X X 



























































































































	 Hot and Dry  Warm and Wet  Feast and Famine 
Annual temperature increase (F)  5   >2  2.9 
Winter temperature increase (F)  4.1   3.5   3.3 
Spring temperature increase (F)  3.8   2.3  2.2 
Summer temperature increase (F)  6   2.8  3.4 




Winter precipitation (%)  19  13  6 
Spring precipitation (%)  ‐9  6  0 
Summer precipitation (%)  ‐19  8  3 
Fall precipitation (%)  ‐15  10  ‐9 
Freezing level  shifts up by 1200 ft  shifts up by 600 ft  shifts up by 900 ft 
Runoff  > 20% decrease  stays the same as baseline  10% decrease 
Timing of peak runoff  earlier by 3 weeks  earlier by 1 week  earlier by 2 weeks 
Summer monsoon  decrease by 20%  increase by 10%  large year to year fluctuation 
Summer like 2002  every summer  every 10 years  every 3 years 
Severe drought duration  1‐5 years  1 year  1‐2 years 
2002/2012 Drought  every 5th year  every 15th year  every 10th year 
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Difference in winter (Dec‐Jan‐Feb) temperatures compared to 1971‐2000 normals. 
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Difference in summer (Jun‐Jul‐Aug) temperatures compared to 1971‐2000 normals. 
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Difference in winter (Dec‐Jan‐Feb) and summer (Jun‐Jul‐Aug) precipitation compared to 1971‐2000 normals.
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APPENDIX D: THREE NARRATIVE SCENARIOS 
Scenario 1: Hot and Dry 
In	this	scenario	annual	temperature	increases	approximately	50	F	by	2035.	To	put	that	in	
perspective,	Gunnison’s	temperature	becomes	similar	to	the	current	climate	of	Ridgeway,	CO.	By	
2035,	every	summer	will	be	warmer	than	2002	and	2012	–	years	when	we	experienced	excessive	
heat	waves.	At	elevations	below	7,000	feet,	for	at	least	two	weeks	during	the	summer,	nighttime	
lows	will	not	dip	below	680	F	(a	typical	tropical	night),	and	summer	will	expand	by	a	month.	Annual	
precipitation	will	decline	by	10%,	and	the	combined	effect	of	warming	and	lower	precipitation	will	
result	in	nearly	45%	decrease	in	annual	runoff.	There	will	be	a	large	increase	in	the	frequency	of	
extreme	drought	years.	Roughly	every	fifth	year,	we	experience	droughts	similar	to	2002	and	2012	
(in	these	years,	precipitation	was	40%	below	average).			
Fire:	Not	every	year	will	be	an	exceptional	fire	season	but	average	fire	frequency,	intensity,	and	size	
will	increase.	The	average	fire	season	will	lengthen	by	one	month	and	the	average	fire	frequency	
will	increase	up	to	12	times	while	the	total	area	burned	in	any	given	year	will	increase	16	times1.	
The	largest	burns	will	be	in	coniferous	forests,	including	spruce‐fir,	lodgepole	pine,	mixed‐conifer,	
and	ponderosa	pine.	Once	burned,	these	areas	are	likely	to	transform	into	aspen,	shrublands,	or	
grasslands.	The	growing	season	will	increase	by	three	weeks,	however,	with	less	precipitation	the	
understory	herbaceous	growth	(fine	fuels)	will	decrease	which	may	reduce	fire	risk	in	the	
sagebrush.		If	a	fire	occurs	in	the	lower	elevation	sagebrush	zone	the	site	will	transform	into	
grassland	or	rabbitbrush/grassland	rather	than	return	to	a	sagebrush	system.	There	is	a	good	
chance	that	the	“new”	grassland	will	be	dominated	by	cheatgrass.	Note	that	sagebrush	requires	at	
least	7.5	inches	of	annual	precipitation,	and	the	large	water	stress	in	this	scenario	will	make	it	
difficult	for	the	low	elevation	sagebrush	to	regenerate.		
Drought:	In	this	scenario,	Gunnison’s	annual	precipitation	declines	and	becomes	similar	to	the	
current	precipitation	of	Del	Norte2.	Spring	snowpack	will	decline	by	10%	and	spring	temperatures	
will	increase	by	40	F.	This	combination	of	a	reduced	snowpack	and	warmer	spring	temperatures	
will	reduce	the	available	water	during	the	growing	season.	Trees	and	shrubs	(especially	sagebrush)	
rely	on	winter	and	spring	snows.	The	snowpack	allows	for	deep	soils	to	remain	moist	during	the	
growing	season,	therefore	a	reduced	snowpack	associated	with	a	warmer	and	drier	spring	will	
negatively	impact	vegetation	with	deep	roots	(most	trees	and	shrubs).	Summer	precipitation	will	
decrease	by	20%	and	have	a	large	negative	impact	on	vegetation,	especially	shallow	rooted	plants	
(mostly	grasses	and	forbs).	Snowline	shifts	up	by	1200	feet	and	could	impact	the	lower	elevations	
of	the	Crested	Butte	ski	resort.	In	addition,	the	average	timing	of	snowmelt	will	shift	a	full	three	
weeks	earlier	from	temperature	increases	and	more	frequent	dust‐on‐snow	events	(which	will	
occur	every	year).	Higher	than	average	peak	spring	flows	followed	by	lower	summer	flows	will	
reduce	the	amount	of	water	available	for	fish,	riparian	vegetation,	migratory	birds,	and	grazing	
animals,	especially	during	summer.	Endangered	fish	would	most	likely	suffer	from	lower	in‐stream	
flow	and	increased	stream	temperature.	Less	precipitation	in	winter	and	summer	will	significantly	
decrease	surface	water	and	shallow	ground	water.	Seeps,	springs,	and	mesic	meadows	associated	
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with	shallow	groundwater	will	decline	and	species	composition	will	be	greatly	altered.	We	will	
likely	see	a	shrub	invasion	into	mesic	meadows	and	a	decline	in	nearby	aspen	stands.		
Insects:	Tree	mortality	due	to	insect	and	disease	outbreaks	will	greatly	increase	with	a	hot	and	dry	
climate,	more	so	than	in	any	other	scenario.	The	current	spruce‐bark	beetle	infestation	will	likely	
expand	and	cause	significant	mortality	in	the	mature	trees3.		Species	that	rely	on	mature	spruce‐fir	
forests,	such	as	Lynx,	Boreal	owl,	Snowshoe	hare,	and	Pine	marten,	will	decline	due	to	lack	of	food	
and	shelter.	Aspen	trees	at	lower	elevations	will	experience	die‐back	associated	with	increased	
temperatures	and	decreased	soil	moisture.	However,	aspen	stands	at	upper	elevations	may	
increase	as	coniferous	trees	decline	due	to	fire	and	beetle	kill.		
Scenario 2: Warm and Wet 
In	this	scenario,	annual	temperature	increases	20	F	by	2035.	To	put	this	in	perspective,	
temperatures	in	Gunnison	will	resemble	current	temperatures	in	Cimarron.	Summer	will	expand	by	
a	week.	Annual	precipitation	will	increase	by	10%	(in	terms	of	soil	moisture	and	stream	flows	a	5%	
increase	in	precipitation	is	needed	to	offset	a	20	F	increase	in	temperature	with	its	associated	
higher	rate	of	evapotranspiration).	Drought	years,	such	as	2002,	will	occur	every	15th	year,	similar	
to	today’s	frequency.	However,	the	intensity	and	severity	of	droughts	will	increase	because	of	
higher	temperatures.		
Change:	While	the	water	stress	from	20	F	temperature	increase	will	be	offset	by	a	10%	increase	in	
precipitation,	ecosystems	will	change	in	measurable	ways.	For	example,	the	ratio	of	warm	season	to	
cool	season	grasses	will	change,	and	we	could	see	declines	in	western	wheat	grass,	needle	and	
thread	grass,	while	blue	grama	and	galleta	grass	expand.	The	snowline	will	shift	upwards	by	600	
feet.	As	a	result,	the	current	vegetation	in	the	8,500‐9,000	feet	elevation	band	will	begin	to	shift	
from	mixed	conifer	or	aspen	to	ponderosa	pine.	Due	to	increased	precipitation,	overall	runoff	will	
increase	by	10%,	while	warmer	temperatures	mean	that	peak	runoff	will	occur	a	week	earlier.	In	
this	scenario,	heat	waves	similar	to	2002	(50	F	above	normal)	will	occur	once	every	decade.	Fire	
risk	in	this	scenario	is	the	lowest	of	any	scenario	but	fires	will	be	present,	and	intermittent	dry	
conditions	may	cause	severe	fire	hazards	because	of	high	fuel	loads.	These	high	fuel	loads	are	a	
result	of	increased	winter,	spring,	and	summer	precipitation	producing	more	foliage.	A	20	F	
increase	in	temperature	will	increase	the	fire	frequency	up	to	4	times	and	the	annual	area	burned	
by	6	times1.		
Weeds:	We	will	have	greater	than	normal	winter	snowpack	above	10,000	feet	and	spring,	summer,	
and	fall	precipitation	will	increase	at	all	elevations.	The	increase	in	year‐round	moisture	coupled	
with	a	moderate	increase	in	temperature	will	promote	invasive	species	(more	so	than	any	other	
scenario).	Current	invasive	species	such	as	leafy	spurge,	knapweed,	and	yellow	toadflax	will	expand	
into	low	to	montane	elevations	and	new	invasive	species	such	as	Japanese	brome	or	purple	
loosestrife	will	likely	move	into	the	area.	Rangelands	will	become	degraded	by	invasives,	and	
knapweeds	and	leafy	spurge	expand	into	rangelands	that	have	never	had	a	serious	weed	problem.	
Further,	invasive	species	will	out‐compete	the	native	vegetation	and	create	a	high	density	of	fine	
fuels	for	fires,	especially	at	the	lower	elevations.		
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Water:	We	will	still	experience	droughts;	however,	they	will	be	less	frequent	than	in	the	other	
scenarios.	Disease	and	insect	outbreaks	are	expected	to	be	lower	than	the	other	scenarios,	however,	
insect	outbreaks	will	still	increase,	as	the	droughts	that	do	occur	will	be	more	intense	than	the	
droughts	experienced	during	the	20th	century.	When	we	do	experience	a	beetle	outbreak,	the	
recovery	time	may	be	quicker	than	in	the	other	scenarios.	Seeps,	springs,	and	other	groundwater	
dependent	wetlands	will	increase	or	experience	very	little	change.	There	will	be	some	drought	
years	that	impact	low	elevation	wetlands,	but	for	the	most	part,	wetlands	will	benefit	from	the	
years	of	increased	annual	precipitation.		Higher	elevation	wetlands	will	do	exceptionally	well	and	
possibly	expand	due	to	the	greater	snowpack	above	10,000	feet.	Higher	soil	moisture	will	likely	
eliminate	or	reduce	invasive	species	in	wetlands.		
Scenario 3: Feast or Famine 
In	this	scenario,	annual	temperature	will	increase	approximately	30	F	by	2035.	To	put	that	in	
perspective,	Crested	Butte’s	temperature	will	be	similar	to	the	current	temperature	of	Lake	City.	
Average	annual	precipitation	does	not	change;	however,	we	will	experience	larger	year	to	year	
fluctuations	in	precipitation,	with	some	very	wet	years	and	some	intense	drought	years,	as	
compared	to	our	current	climate.	Winter	precipitation	will	increase,	but	precipitation	will	decline	in	
the	other	seasons.	When	droughts	occur,	they	will	be	more	intense	than	present	but	generally	less	
than	two	years	long.	Once	every	decade	we	will	experience	a	drought	similar	to	the	2002	and	2012	
droughts	(years	when	precipitation	was	40%	below	average).			
Feast:	The	growing	season	will	expand	by	2	weeks	and	during	wet	years	vegetation	growth	will	be	
exceptional	with	trees,	shrubs,	and	ground	cover	greatly	increasing.	The	frequency	of	severe	El	
Nino	and	La	Nina	events	will	double	to	an	average	of	once	every	seven	years.	We	experienced	
severe	El	Nino	years	in	this	region	in	1982/83	and	1997/98	with	annual	precipitation	at	roughly	
20%	above	average.	Invasive	species	will	do	well	under	El	Nino	conditions	but	decline	in	La	Nina	
conditions	(drought	years).	The	annual	fire	risk	is	lower	in	this	scenario	than	the	hot	and	dry	
scenario.	Large	fluctuations	between	wet	and	dry	years	will	increase	fuel	growth	during	wet	years.	
This	means	that	when	a	fire	does	occur,	the	severity,	intensity,	and	size	could	be	very	high,	and	in	a	
bad	fire	year	the	average	fire	frequency	will	increase	up	to	8	times	and	the	area	burned	will	
increase	11	times1.	Year	to	year,	summer	monsoons	will	be	more	variable	than	they	are	currently.	
Large	spring	floods	will	be	more	likely	as	earlier	rain	on	snow	events	will	cause	abrupt	snowmelt.	
Dust‐on‐snow	events,	coupled	with	warmer	spring	temperatures,	will	also	increase	the	chance	of	
spring	flooding,	especially	during	El	Nino	years.	The	largest	flooding	events	will	generally	occur	
from	heavy	monsoon	precipitation.	During	these	floods,	there	will	be	severe	erosion	in	small	
streams	as	water	runs	over	banks	and	culverts.		
Famine:	Intense	droughts	will	more	frequently	follow	extreme	wet	years.	Bark	beetles	will	expand	
during	these	drought	years,	causing	extensive	conifer	mortality.	The	difference	between	this	
scenario	and	the	hot	and	dry	scenario	is	that	multi‐year	droughts	will	be	less	likely	in	this	scenario,	
so	bark	beetle	dieback	may	not	be	as	severe	as	in	the	hot	and	dry	scenario.	It	is	important	to	note	
that	most	conifer	forests	can	regenerate	more	easily	following	beetle	outbreaks	than	fires	because	
bark	beetles	do	not	kill	the	young	trees.	However,	insect	kill	in	mature	trees	will	diminish	seed	
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production.	This	reduction	in	seed	crop	will	hurt	the	animals	that	rely	on	conifer	seeds.	In	the	event	
that	a	fire	occurs	after	a	beetle	outbreak,	tree	regeneration	is	nearly	impossible	due	to	a	lack	of	a	
nearby	seed	source	and	nurse	plants.	The	large	fires	associated	with	drought	years	will	result	in	
younger	forests,	more	open	structure,	more	early	successional	species,	and	more	invasive	species.	
Large	landscape	scale	disturbances,	such	as	fire	and	insect	outbreaks,	will	fragment	coniferous	
forests	and	negatively	impact	Lynx,	Snowshoe	hares,	Pine	martens,	and	other	species	that	rely	on	
large	intact	functioning	forests,	while	possibly	being	a	benefit	to	those	species	that	prosper	from	a	
more	open	forest	canopy.	
Seeps,	springs,	and	other	groundwater	dependent	wetlands	will	experience	a	moderate	decline,	
especially	below	8,500	feet,	where	spring	precipitation	will	fall	as	rain	rather	than	snow.	Increased	
evapotranspiration,	driven	by	higher	temperatures,	will	reduce	soil	moisture	and	streamflow.	
Consequently,	species	that	can	handle	drier	soil	conditions,	for	example	sagebrush,	shrubby	
cinquefoil,	and	rabbitbrush	will	flourish;	invasive	species	such	as	cheatgrass	and	knapweed	will	
likely	increase,	especially	at	the	lower	elevations.		Juniper	establishment	in	the	sagebrush	is	likely	
during	wet	years	that	follow	a	drought	year.	
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APPENDIX E. SPRUCE BEETLE ACTIVITY MAP 
	
US	Forest	Service,	Aerial	Detection	Survey	http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd489945.pdf	
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APPENDIX F. BIO‐CLIMATIC ZONES 
The	maps	presented	below	were	provided	by	James	Worrall,	US	Forest	Service,	and	represent	
projected	bio‐climatic	change	zones	for	Engelmann	spruce	(Picea	engelmannii)	and	subalpine	fir	
(Abies	lasiocarpa).	Note	that	the	target	period	for	these	projections	is	2060,	i.e.	later	than	the	period	
used	in	other	work	for	this	project.		
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Figure F‐1. Engelmann spruce Hot and Dry Scenario 
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Figure F‐2. Subalpine fir Hot and Dry Scenario 
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Figure F‐3. Engelmann spruce Moderately Hot 
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Figure F‐4. Subalpine fir Moderately Hot 
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Figure F‐5. Engelmann spruce Warm and Wet 
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Figure F‐6. Subalpine fir Warm and Wet 
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APPENDIX G. ECOLOGICAL RESPONSE MODELS 
	
Figure G‐1. Reference condition model for spruce‐fir landscape 
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Figure G‐2. Ecological response model for the sf landscape under the hot and dry scenario 
74  Social Ecological Climate Resilience Project ‐ 2017 
	
	
Figure G‐3. Ecological response model for the sf landscape under the moderately hot (feast or famine) scenario   
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Figure G‐4. Ecological response model for the sf landscape under the warm and wet scenario 
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APPENDIX H. SOCIAL SCIENCE INTERVIEW AND FOCUS GROUP 
REPORTS 
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Final Interview Report 
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Final Focus Group Report 
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APPENDIX I. SOCIAL ECOLOGICAL RESPONSE MODELS METHODS 
OVERVIEW 
Situation Analysis and Diagram: Methods Overview 
Background 
A	Situation	Analysis	assesses	the	important	ecological,	socioeconomic	or	political	factors	and	trends	
affecting	the	ability	to	meet	management	and	conservation	goals.	These	factors	may	act	as	
constraints	or	provide	opportunities	for	making	progress	toward	goals.	Key	factors	include	direct	
and	indirect	threats,	opportunities	and	enabling	conditions.	
The	analysis	describes	the	current	understanding	of	a	project's	ecological	status	and	trends,	and	the	
human	context.	A	clear	understanding	of	what	is	happening	within	a	large‐scale	landscape	is	critical	
for	developing	strategies	that	make	sense	for	the	specific	conditions.	
A	Situation	Analysis	probes	the	root	causes	of	critical	threats,	degraded	species	and	vegetation,	and	
other	values	to	make	explicit	the	contributing	factors	—	the	indirect	threats,	key	actors	and	
opportunities	that	enable	successful	action.	By	understanding	the	biological	and	human	context,	the	
team	can	develop	appropriate	goals	and	objectives,	identify	intervention	points,	and	design	
adaptation	strategies.		
A	Situation	Analysis	answers:	
 What	factors,	positive	and	negative,	affect	our	conservation	targets	and	ability	to	achieve	
our	goals?	
 Who	are	the	key	stakeholders	linked	to	each	of	these	factors	and	what	motivates	each	of	
them?	
 What	ecosystem	services	and	human	wellbeing	targets	(livelihoods)	are	provided	by	the	
landscape	
 How	will	the	targets,	factors,	and	ecosystem	services	be	affected	by	climate	change?	
The	process	of	creating	a	Situation	Analysis	helps	us:	
 Articulate	and	test	the	logic	of	our	thinking	
 Identify	the	most	critical	factors	that	cause	threats		
 Summarize	compelling	evidence	concerning	trends	in	these	factors		
 Highlight	key	stakeholders	and	opportunities	
 Focus	on	what	is	most	important	
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 Identify	intervention	points	for	developing	the	most	appropriate	strategy	
A	common	understanding	can	bring	together:	
 Different	visions	of	what	will	be	accomplished	through	conservation	work	
 Different	perspective	of	the	project’s	context	
 Disparate	knowledge	and	understanding	of	trends	in	socioeconomic,	political	and	ecological	
factors		
 A	wide	variety	of	assumptions	about	these	trends	and	what	is	most	important	to	address	
 A	range	of	perspectives	about	leverage	opportunities		
 Multiple	definitions	or	uses	for	the	same	term	
Method 
1. Diagram	the	current	condition	of	the	system	describing	the	socioeconomic,	political	and	
ecological	factors	
2. Add	in	the	climate	change	scenario	and	determine	whether	any	additional	factors	need	to	
be	added.	Discuss	whether	any	of	the	existing	factors	significantly	increase	or	decrease	with	
the	climate	change	scenario	in	mind.	
3. Identification	of	intervention	points.	Where	is	action	needed?	
4. Identification	of	the	high	level	strategies	that	are	needed	at	the	intervention	points.	
A	Situation	Diagram	is	a	box	and	arrow	model	that	shows	the	linkages	between	the	conservation	
values,	threats,	and	other	factors.	By	creating	a	diagram,	intervention	points	become	clear.	
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Example 
Developed	for	Gunnison	sage‐grouse	at	the	Gunnison	Basin	Climate	Change	Adaptation	Workshop	
for	Natural	Resources	Managers	held	in	2009.	
	
Additional	resources	and	information	about	the	Situation	Diagram	process	can	be	found	at	the	
website	below:	
Conservation	Measures	Partnership.	2013.	Open	Standards	for	the	Practice	of	Conservation	Version	
3.0.	http://www.conservationmeasures.org/wp‐content/uploads/2013/05/CMP‐OS‐V3‐0‐Final.pdf		
Gunnison	Basin	Climate	Change	Adaptation	Workshop	for	Natural	Resource	Managers	(2010)	
http://www.conservationgateway.org/ConservationByGeography/NorthAmerica/UnitedStates/Co
lorado/science/climate/gunnison/Pages/Climate‐Change‐Adaptation‐Workshop‐for‐Natural‐
Resource‐Managers‐in‐the‐Gunnison‐Basin.aspx).	
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Chain of Consequences: Method Overview 
Background 
Established	by	Secretarial	Order	3188	in	2012,	the	Department	of	the	Interior	(DOI)	Strategic	
Sciences	Group1	(SSG)	provides	the	DOI	with	the	capacity	to	rapidly	assemble	teams	of	experts	to	
conduct	science‐based	assessments	of	environmental	crises	affecting	DOI	resources,	and	provide	
results	to	leadership	as	usable	knowledge.	To	do	this,	SSG	“crisis	science	teams”	effectively	act	as	
“pop‐up	think	tanks”	to	identify	the	potential	short‐	and	long‐term	environmental,	social,	and	
economic	cascading	consequences	of	the	crisis,	and	determine	intervention	points.		
Method2 
Through	facilitated	discussion,	the	team	of	experts	builds	Chains	of	Consequences.	This	process	is	
used	by	the	SSG	and	was	developed	by	its	predecessor,	the	DOI	Strategic	Sciences	Working	Group	in	
2010.	The	process	involves	four	main	steps:		
1) Establish	the	scope	(ecological	and	geographic	area	of	interest,	focal	time	period)	and	define	
assumptions.	
2) Develop	detailed	Chains	of	Consequences	that	illustrate	important	cascading	effects	on	the	
coupled	natural‐human	system.		
3) For	each	element	in	a	chain,	assign	a	level	of	scientific	uncertainty	(see	example	below).	
4) Identify	potential	interventions	at	points	in	the	chain	at	which	scientists,	policy	makers,	and	
others	might	take	specific	actions	to	significantly	alter	the	outcomes	of	the	cascade.	
Example3 
Chains	of	Consequences	developed	by	the	SSG	Hurricane	Sandy	crisis	science	team	determined	that	
overwash	and	breaches	of	barrier	islands	were	certain	to	occur	as	a	result	of	the	storm	(assigned	an	
uncertainty	value	of	5),	leading	to	advance	of	bay	shoreline	(beach	growth	as	a	result	of	sand	
redeposition	following	the	storm;	assigned	a	value	of	5),	and	to	the	probable	creation	of	new	
habitat	(assigned	a	value	of	3).	This	information	was	used	to	develop	interventions	such	as	mapping	
and	measuring	the	protection	services	of	key	ecosystems	such	as	dunes	and	wetlands).	
Interventions	were	delivered	to	decision‐makers	during	briefings	and	in	the	final	SSG	Hurricane	
Sandy	report.	
																																																													
1	For	more	information	on	the	Department	of	the	Interior	Strategic	Sciences	Group,	please	see	
www.doi.gov/strategicsciences	
 
2	Department	of	the	Interior	Strategic	Sciences	Working	Group,	2012,	Mississippi	Canyon	252/Deepwater	
Horizon	Oil	Spill	Progress	Report	Department	of	the	Interior,	Washington,	D.C.,	58	p.	Available	online	at:	
http://www.doi.gov/strategicsciences/publications/index.cfm	
 
3	Stoepler,	T.	and	Ludwig,	K.	2015.	Strategic	science:	new	frameworks	to	bring	scientific	expertise	to	
environmental	disaster	response.	Limnology	&	Oceanography	Bulletin.	
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Figure I‐1. Example Chains of Consequences developed by the SSG Hurricane Sandy crisis science team: Changes in 
coastal geomorphology as a result of Hurricane Sandy. Credit: Department of the Interior, 2013. 
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APPENDIX J. SITUATION ANALYSIS DIAGRAMS 
In	the	following	diagrams,	the	conservation	target	components	of	each	landscape	are	shown	as	
ovals	within	a	green	box.	Direct	threats	or	impact	categories	are	represented	as	pink	rectangles,	
and	are	influenced	by	a	variety	of	factors	shown	as	orange	rectangles.	Strategies	or	interventions	
are	represented	as	yellow	hexagons.	The	eventual	“human	wellbeing”	targets	are	depicted	as	ovals	
grouped	within	a	brown	box.		
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Figure J‐1. Situation Analysis for Spruce‐Fir (Group 1) 
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Figure J‐2. Situation Analysis for Spruce‐Fir Landscape (Group 2)
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APPENDIX K. CHAIN OF CONSEQUENCES  
The	following	Chains	of	Consequence	were	developed	by	participants	at	a	workshop	in	Gunnison	on	
April	23,	2015.	The	four	diagrams	illustrate	important	cascading	effects	of	severe	wildfire	and	
insect	outbreaks	on	the	coupled	natural‐human	spruce‐fir	system	for	the	Feast	and	Famine	Climate	
Scenario.	The	green	boxes	indicate	ecological	consequences,	the	yellow	boxes	indicate	social‐
economic	consequences,	and	the	numbers	on	the	arrows	indicate	interventions	(see	list	of	potential	
interventions	in	the	lower	left	corner).	
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Note:	This	Appendix	is	formatted	to	print	on	11’’	x	17’’	paper.	
Figure K‐1. Spruce‐Fir Landscape, Wildfire, AM group. 
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Figure K‐2. Spruce‐Fir Landscape, Wildfire, PM group. 
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Figure K‐3. Spruce‐Fir Landscape, Insect Outbreak, AM group 
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Figure K‐4. Spruce‐Fir Landscape, Insect outbreak, PM group. 
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APPENDIX L. IMPACTS AND ACTIONS (INTERVENTIONS) ASSOCIATED 
WITH THREE CLIMATE ADAPTATION STRATEGIES  
The	following	tables	(1‐3)	summarize	the	impacts	and	actions	associated	with	the	three	strategies	
that	we	focused	on	during	our	February,	2016	adaptation	workshop	and	were	the	focus	of	the	final	
workshop	in	April,	2016.			
Table L‐1. Impacts and actions identified for the “Identify and Protect Persistent Areas” strategy 
Impact  Action  Strategy 
Forest mortality  Identify and protect spruce‐fir refugia  Identify and protect refugia 
Loss of old growth  Identify and protect spruce‐fir refugia  Identify and protect refugia 
Increased wildfire risk  Identify and protect spruce‐fir refugia  Identify and protect refugia 
 
Table L‐2. Impacts and actions identified for the “Proactive Treatment for Resilience” strategy 
Impact  Action  Strategy 
Severe wildfire 
Plant tree species of spruce‐fire genotypes 
that are drought resistant 
Proactive treatment for forest 
resilience 
Forest mortality/insects 
Forest management: Proactively use beetle 
pheromones and traps before outbreaks 
start; especially for blow down areas 
Proactive treatment for forest 
resilience 
Forest mortality 
Forest management: Protect young trees for 
future forests while salvage logging 
Proactive treatment for forest 
resilience 
Lack of knowledge: 
disconnect between 
research and management 
Increase integration between research and 
decision making 
Proactive treatment for forest 
resilience 
Impact on human safety, 
life and property 
Use best available science for salvage logging 
Proactive treatment for forest 
resilience 
Altered succession 
Improve forest condition through adaptive 
management & flexibility in new USFS plan 
revision and BLM RMP 
Proactive treatment for forest 
resilience 
Beetle/Insects 
Prioritize actions and NEPA approval review 
to prevent beetle outbreak 
Proactive treatment for forest 
resilience 
Forest mortality 
Forest management: Manage age structure 
(use existing roads) 
Proactive treatment for forest 
resilience 
Forest mortality/insects 
Forest management: Improve condition and 
resilience of spruce‐fir landscape (decrease 
basal area, increase size and age class 
diversity) e.g., plant trees and reforest areas 
with low regeneration to increase diversity of 
age classes and species diversity, to prevent 
Proactive treatment for forest 
resilience 
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Impact  Action  Strategy 
beetle outbreaks and reduce magnitude/loss 
of forest cover 
Forest mortality 
Forest management: Proactively manage 
forest regeneration, reintroduce fire and 
plants 
Proactive treatment for forest 
resilience 
Increased fire risk 
Create a market for salvage logging products 
and biomass, e.g., wood straw as mulch, to 
reduce economic loss and reduce fuel on 
ground. 
Proactive treatment for forest 
resilience 
Forest mortality  Identify and protect spruce‐fir refugia Identify and protect refugia
Severe wildfire causing loss 
of spruce‐fir forests 
Forest management: Expand transformation 
to aspen at lower elevations, encourage 
aspen/mixed conifer transition where 
appropriate 
Assist/allow transformation 
Drought: warming causing 
altered tree species 
composition 
Plant tree species that can survive future 
climate scenarios and assist migration 
Assist/allow transformation 
 
Table L‐3. Impacts and actions identified for the “Assist and Allow Transformation” strategy 
Impact  Action  Strategy 
Severe wildfire causing loss 
of spruce‐fir forests 
Forest management: Expand transformation 
to aspen at lower elevations, encourage 
aspen/mixed conifer transition where 
appropriate 
Assist/allow transformation 
Drought: warming causing 
altered tree species 
composition 
Plant tree species that can survive future 
climate scenarios and assist migration 
Assist/allow transformation 
	
	
